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Abstract 
The purpose of this review is to elucidate how psychological and biomechanical factors 
interrelate in shaping patients’ experience with diabetic symmetric polyneuropathy 
(DSPN) and its sequela- diabetic foot ulceration (DFU). Recent findings emphasize the 
importance not only of neuropathic pain but also of other DSPN symptoms, such as 
unsteadiness. We highlight the negative spiral between unsteadiness, falls and 
psychological distress. Moreover, unsteadiness is a key determinant of non-adherence 
to offloading resulting in the delayed DFU healing. While depression is an established 
predictor of incident DFU, findings linking depression and DFU healing remain 
inconclusive. Examination of physical activity in DFU development and healing 
represents the most recent application of research to this field. Summary: Research 
evidence indicates that DSPN markedly impairs physical and emotional functioning and 
suggests that there is an unmet need for the development of multifaceted interventions 
that address both psychological distress and biomechanical challenges experienced by 
patients with this debilitating complication of diabetes. 
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Introduction  
The diabetic neuropathies are a collection of nerve disorders caused by diabetes that 
affect different parts of the nervous system and present with diverse clinical 
manifestations (1••) Distal symmetric polyneuropathy (DSPN) is one of the commonest 
varieties and is the focus of the current review. There are two major clinical 
consequences of DSPN: neuropathic pain and peripheral insensitivity. The latter 
predisposes patients to foot ulceration and amputation through unperceived trauma and 
through structural changes such as foot deformities and high pressure areas under the 
feet that may subsequently ulcerate. We examine two relatively distinct areas of patient 
adaptation to DSPN: 1) the impact of DSPN on psychosocial outcomes, including 
depression, anxiety and quality of life (QoL), and 2) the role of psychological and 
biomechanical factors in shaping preventive foot self-care and diabetic foot ulcer (DFU) 
management. The importance of complications including DSPN was recently 
acknowledged by a position statement regarding psychosocial care for people with 
diabetes by the American Diabetes Association (2••). The recommendation was made 
to “routinely monitor people with diabetes for depression, anxiety and diabetes distress 
particularly at the onset of diabetes complications”. Among the various clinical 
presentations of DSPN, severe unremitting pain and foot ulceration are by far the most 
studied by the behavioral scientists. Our review, while reflecting this common tendency, 
highlights the importance of other clinical presentations of DSPN. Unsteadiness, for 
example, is one of the strongest predictors of depression in patients with established 
DSPN (3•,4) and is an important determinant of non-adherence to offloading that plays 
a key role in diabetic foot ulcer (DFU) healing (5•). Moreover, we emphasize the 
implications of DSPN-specific cognitions and emotions in shaping preventive foot self-
care and examine the role of depression in DFU development and healing. We 
complete our review by discussing perhaps the most recent application of research to 
this field, that is, the interplay between the psychological and biomechanical effects of 
DSPN when considering patient engagement in physical activity. 
The Impact of Diabetic Symmetric Polyneuropathy on Physical and Mental 
Functioning 
Although DSPN is a multifaceted complication of diabetes, studies examining the impact of 
DSPN on individuals’ physical and psychosocial functioning have traditionally focused on 
neuropathic pain. One of the earliest, yet probably most comprehensive assessments to-date 
of neuropathic pain burden, was conducted by Gore at al. (6, 7•). The burden of pain was 
reported to be extensive, resulting in a persistent discomfort despite polypharmacy and leading 
to poor satisfaction with treatment. The effectiveness of treatment was often reduced due to 
dose-limiting side effects, leaving DSPN patients in continuing pain. Furthermore, greater pain 
levels corresponded with higher symptom levels of anxiety and depression, more sleep 
problems, and lower ratings of functioning.  High levels of emotional distress in these patients 
were recently corroborated by Selvarajah et al (8) in a study that highlighted the differing 
independent contributors to anxiety and depressive symptoms based on an individual's 
circumstances and experience. 
Making a Case for DSPN-specific Assessments of Quality of Life 
Cross-sectional and longitudinal studies in DSPN that employed generic measures of health 
status and quality of life (QoL), such as the most commonly used, the Short Form (SF)-36, 
revealed a common pattern, that is, that DSPN affects health predominantly in the domain of 
physical functioning: the impact of DSPN on mental functioning was nonsignificant in most of 
these reports. This pattern holds regardless of whether DSPN is measured by clinical tests of 
neurologic dysfunction (9) or by patient somatic experience with DSPN (10). The authors of 
these reports therefore concluded that DSPN is “strictly related to the physical aspects of the 
patients’ quality of life, and not the mental aspects.” However, the conclusion that DSPN and 
its clinical manifestations do not impact mental function is not necessarily valid, in view of more 
recent studies linking DSPN to notably elevated levels of anxiety and depression (3•, 4). The 
alternative explanation could be that the generic measures of functioning do not capture 
adequately neither generalized nor DSPN-related emotional disturbance. The results of a 
comprehensive review that assessed the impact of neuropathic pain on QoL (11) support this 
proposition. It provides evidence that the condition-specific QoL measures are more sensitive 
to the effects of neuropathic pain than the generic instruments especially in the domain of 
mental functioning.  
In an attempt to overcome the limitations of the generic instruments, several DSPN-specific 
measures have been developed. The health-related QoL measure by Vickrey et al. (12) was 
developed for the assessment of QoL in patients with various peripheral neuropathies 
including DSPN. The 47-item Norfolk QoL-DSPN, in addition to the generic health status and 
general information items, includes a comprehensive measure of DSPN symptoms and the 
specific ways these symptoms impact on ADL (13). The 35-item NeuroQoL is a hierarchically 
organized scale that assesses the patient subjective reports of functioning and QoL in six 
specific domains (14) including DSPN-specific somatic experiences (pain, unsteadiness and 
symptoms of reduced feeling in the feet), social and personal dysfunction and emotional 
states, and the two final items requesting that the patients appraise the impact of DSPN on 
their QoL and provide an overall QoL evaluation. The psychometric analyses that compared 
the performance of the NeuroQoL to the SF-12 demonstrated that the NeuroQoL was more 
strongly associated with DSPN severity, more fully mediated the relationship of DSPN with 
QoL, and significantly increased explained variance in QoL judgement over the SF-12. Taken 
together, it appears that DSPN-specific scales capture more adequately than generic 
measures the impact of DSPN on an individual’s functioning, especially in the emotional 
domain.  
The effects of DSPN on patients’ quality of life (QoL) are emerging as an important component 
of patient care and may play a significant part in adherence and response to therapies. A study 
by Otto et al. (15) is one of the few reports that examined the impact of patient emotional and 
physical functioning, as measured by the SF-36, on their response to treatment for painful 
DSPN. The researchers demonstrated that the SF-36 scores predicted patients’ response to 
treatment after controlling for demographic variables, pain duration and intensity. The authors 
therefore suggested that psychosocial factors might provide a useful guide in selecting the 
patient populations most responsive to treatment for painful DSPN.  
Pathways Linking DSPN and its Symptoms to Depression and Anxiety 
Earlier reports examining the link between DSPN and depressive symptoms have 
produced inconsistent results, although a meta-analysis suggested that there is a 
significant association between depression and diabetes complications, including DSPN 
(16). Vileikyte et al (3•) examined cross-sectionally the relationship between DSPN and 
depression and explored the potential physical and psychosocial mediators of this 
association. This study departed from earlier reports in several important ways: 1) the 
participant selection was based on well- established tests of neurologic dysfunction 
rather than the presence of DSPN symptoms or foot ulceration alone, and 2) it 
assessed the independent contributions of a variety of DSPN somatic experiences to 
depression. The results of this cross-sectional report demonstrated that DSPN severity 
is significantly associated with depression, as measured with the Hospital Anxiety and 
Depression Scale (HADS). Self-reported neuropathic pain, unsteadiness, and reduced 
feeling in the feet were each independently associated with depression and together 
accounted for the relationship between the clinical measures of DSPN severity and 
depression. Furthermore, the association between DSPN symptoms and depression 
was partially mediated by two sets of psychosocial factors: 1) restrictions in ADL and 
diminished self-worth, and 2) illness cognition, or the perceptions of neuropathic pain 
unpredictability and the lack of treatment control. The longitudinal findings were largely 
consistent with the cross-sectional observations and demonstrated that more severe 
DSPN at baseline is associated with worsening depressive symptoms over 18 months 
of follow-up (4). While neuropathic pain contributed to depression, unsteadiness and its 
psychosocial consequences dominated this relationship over time. Curiously, 
neuropathic pain displayed a persistent relationship with anxiety. The enduring 
relationship between painful neuropathy and anxiety is consistent with the general 
literature linking chronic pain and anxiety; this pattern mirrors but exceeds the pattern 
for research examining depression and chronic pain (17). These results suggest that 
clinicians should monitor the dynamics of affect and select treatment based on the 
predominant type of emotion, especially as commonly used medications for painful 
DSPN are potent mood modulators with distinct class effects on anxiety and depression 
(18, 19).  
The Importance of DSPN-related Unsteadiness in Generating Psychological 
Distress 
The emergence of unsteadiness as the symptom that is most strongly associated with 
depression merits attention. We demonstrated that unsteadiness is common, with 
nearly a quarter of DSPN patients reporting balance problems as present either most or 
all the time (3•). Unfortunately, balance deficits may be overlooked by clinicians, as 
patients often do not report balance concerns during medical consultations owing to the 
perception that these are an indicator of diminishing self-resources-a sign of premature 
aging rather than illness-related disability (14). Importantly, however, these patients 
have a ~20-fold greater risk of falling compared to aged-matched controls (20). The 
physical outcomes of falling include serious injury (21) and even an increased risk of 
mortality (22, 23).  
The consequences of falling, however, are not only physical but also psychological, 
such as poor self-efficacy with walking and fear of falling (24). This highlights the 
negative spiral between DSPN, unsteadiness, falls and psychological distress. The 
necessity of explicitly looking at biomechanical components is supported by the results 
of a cross-sectional study (25) that found fear of falling was not significantly correlated 
with a clinical measure of DSPN, but fear of falling was significantly associated with a 
number of gait parameters such as slower stride velocity and shorter stride lengths.  
While the study by Kelly et al. failed to show a direct linear association between fear of 
falling and DSPN, the gait parameters found to be associated with fear of falling have 
been shown in a meta-analysis to be associated with the presence of DSPN (26).   
A recent study (27•) examined how yet another subjective measure - self-perceived 
unsteadiness - influences gait characteristics and balance in DSPN patients. Self-
perceived unsteadiness was assessed with the NeuroQoL and compared against 
laboratory measurements of walking (27•). The study demonstrated that perceptions of 
unsteadiness reported prior to laboratory tests correlated with objective measures of 
balance impairment during walking. Moreover, DSPN patients were not only aware of 
themselves as being unsteady but actually attempted to self-regulate their unsteadiness 
by altering specific gait parameters. As a result of feeling unsteady, patients with 
diabetic peripheral neuropathy adjusted their gait by walking more slowly and taking 
shorter steps (Fig. 1). While these ‘self-initiated’ strategies are likely to be beneficial to a 
certain extent, they seem to be insufficient for effective balance control since 
impairments in body center of mass movement and dynamic sway are still evident in 
DSPN patients when compared to patients with diabetes without DSPN and to matched 
controls without diabetes (27•, 28•).  These findings necessitate the search for more 
effective biomechanical approaches to balance control in patients with DSPN-
unsteadiness. 
The results of several exercise-related interventions appear promising for improving 
DSPN-related balance impairments. A systematic review and meta-analysis of 
randomized controlled trials (RCTs) indicate that foot and ankle exercise can improve 
certain fall risk–related motor outcomes and reduce falls in older adults (29). The results 
of a RCT using sensor-based exercise with real-time visual feedback of performance 
demonstrated that people with DSPN can significantly improve their standing postural 
balance (30). In another exercise intervention study, DSPN patients performed 
resistance exercise training for 16 weeks and showed improvements in the speed of 
strength generation in the major knee and ankle extensor muscles while walking on 
stairs (31).  
Although no psychosocial interventional studies to date have been performed in people 
with DSPN-related unsteadiness, some positive effects on reducing falls have been 
achieved in high-risk older adults. One multifactorial intervention that did significantly 
reduce the risk of falling in at-risk elderly patients utilized a cognitive-behavioral skills 
learning approach (32). The intervention program aimed to improve self-efficacy for 
preventing falls, encourage behavior change, and provide education about risk 
management. Over 14 months of follow-up, intervention group participants experienced 
a clinically meaningful 31% reduction in falls. Furthermore, intervention recipients were 
more confident in their ability to avoid a fall during a variety of functional daily living 
tasks and used more protective behavioral practices than control participants. Similar 
methodologies adapted for patients with DSPN could be effective and deserve empirical 
evaluation.  
Considering the above discussion, clinicians should therefore address unsteadiness as 
a key symptom when assessing patients with DSPN. The patient’s perception of their 
unsteadiness appears to be an adequate indicator of the actual balance impairment 
(27•). Pending a definitive intervention study, clinicians should consider a multifaceted 
approach to the management of patients with DSPN including a biomechanical 
component (physical adaptation to unsteadiness to improve safety) and a psychosocial 
component (strategies aimed at increasing participation in daily activities and enhanced 
perceptions of competence in important social roles). The importance of unsteadiness 
as a symptom of DSPN should receive attention in the education of both healthcare 
providers and patients.  
Depression, Preventive Foot Self-Care and Diabetic Foot Ulceration: is There a 
Link? 
Somewhat unexpectedly, neither prior nor active DFUs were independently associated 
with depression in the reports that examined the association between DSPN and 
depression (3•, 4) This observation was corroborated by a large epidemiologic cross-
sectional investigation from Norway (33). Among people with diabetes, a history of foot 
ulcer while having a significant negative impact on perceived health did not 
independently contributed to HADS depression scores. Nonetheless, even though 
DFUs are not independently associated with depression, they serve as a marker for an 
increased risk for elevated depressive symptoms. Therefore, DFU patients should be 
carefully monitored to determine whether they are depressed, especially in the light of 
findings linking depression to an increased mortality in this patient population (34, 35).   
While research has failed to establish a causal link between foot ulceration and 
depression, mounting evidence indicates that depression plays an important role in DFU 
development.  An epidemiologic study has shown that major depression assessed by 
Patient Health Questionnaire-9 had a 2-fold increase in the risk of incident diabetic foot 
ulcers. There was no statistically significant association between minor depression and 
incident diabetic foot ulcers (36•).  These observations were further solidified by an 
epidemiologic investigation demonstrating a link between symptoms of depression and 
an increased DFU risk in a dose response manner during an 11-year follow-up (37). 
Similarly, another prospective study of well-defined DSPN population showed that both 
foot self-care and depression, while having no impact on the development of recurrent 
DFU, play a substantial role in incident foot ulceration in high-risk patients with no prior 
DFU (38•). In patients with no prior DFU depression symptoms were significantly 
associated with increased risk of developing first foot ulcers, while foot self-care was 
associated with lower risk. The fact that depression, like foot self-care, was associated 
with DFU risk only in those without a prior DFU suggests that the effects of these 
psychological and behavioral factors may not be robust enough to come into play in the 
context of very high levels of risk. Thus, addressing the psychological and behavioral 
factors in those patients with previous DFU may be “too little, too late.”  
Counterintuitively, depression, while predictive of DFU incidence, was not associated 
with poor adherence to foot self-care in this report. This challenges the assumption that 
nonadherence to foot self-care is the mechanism linking depression to DFU incidence. 
The finding is consistent with the meta-analytic review of the studies that examined the 
relationship between depression and a variety of diabetes self-care behaviors (39). The 
effect of depression on self-care varied across different types of self-care behaviors in 
this meta-analysis, with the strongest effect size found for missed medical appointments 
and the smallest effect size found for foot self-care, which was nonsignificant. Whether 
depression represents an indicator of biological risk that was not captured by the risk 
factors measured in these studies or whether it truly is a causal agent, acting via 
mechanisms other than foot self-care, in the development of foot ulcers, is an important 
question that deserves further investigation.  
The Role of Illness Cognition and Emotion in Shaping Preventive Foot Self-Care 
Whereas the relationship between depression and preventive foot self-care requires 
further clarification, a growing body of evidence indicates that illness-specific cognitions 
and emotional responses are more important predictors of self-care behaviors than the 
measures of generalized distress. Several studies have successfully adapted the 
Common Sense Model (CSM) of illness behavior (40) to explain preventive foot self-
care in patients at high DFU risk (41•, 42). The first such study developed and validated 
the Patient Interpretation of Neuropathy (PIN) questionnaire, an instrument for 
assessing cognitive and emotional factors associated with foot self-care. Using the PIN 
instrument, this study demonstrated that patient misconceptions about DFU risk are 
associated with potentially foot- damaging behaviors. In contrast, accurate interpretation 
of medical information about the nature of DFU risk and understanding of the causal 
pathways linking DSPN to DFU is associated with more preventive foot self-care. 
Moreover, the study demonstrated that anger at practitioners stemming from a 
perceived lack of compassion hinders foot self-care, while worry about an amputation 
promotes foot self-care actions (41•). Subsequently, a cross-sectional study of DSPN 
patients employed the PIN and hierarchical cluster analyses to identify distinct illness 
schemata related to neuropathy. The cluster of patients with high misperceptions of 
DSPN undertook more potentially damaging foot-care behaviors than those with 
generally realistic beliefs about the nature of neuropathy as a DFU risk factor (42). 
 
There is evidence that beliefs about treatment are at least as important as beliefs about 
illness in predicting health-related behaviors (43). An investigation of patients that had 
been provided custom-made footwear for preventing secondary DFU found that the 
perceived benefit of the footwear was the only significant predictor of self-reported 
adherence (44).  The same group had published data regarding objectively measured 
adherence to custom-made footwear for DFU prevention and found that in addition to 
lower BMI and more severe foot deformity, the subjective perception of more appealing 
footwear was significantly associated with better adherence to prescribed footwear (45).   
Psychological and Biomechanical Implications of DSPN regarding Physical 
Activity 
There is an obvious connection between the psychological and biomechanical effects of 
DSPN when considering engagement in physical activity by DSPN sufferers (46•).  Both 
DSPN patients and their clinicians may be hesitant to increase physical activity because 
of their awareness of DFU risks. However, physical activity is not contraindicated in 
individuals with DSPN in spite of their heightened risk of DFU. On a contrary, exercise is 
actually recommended for this population (47, 48). Supervised weight-bearing exercise 
intervention studies in DSPN patients have collectively found significant improvements 
in physical activity without increasing the risk of ulceration (46•). (Table 1) 
Depression is among the well-established barriers to physical activity. A 5-year 
longitudinal study of patients with diabetes found that those who experienced persistent 
or worsening depressive symptoms were less likely to engage in regular exercise (49). 
Although improvements in strength and balance through physical activity may lead to a 
reduction in risk of falls, another obstacle to consider regarding physical activity 
engagement is the potential for falls to occur while participating in physical activity (46, 
50). The relationship between neuropathic pain and depression may further magnify 
challenges to initiate exercise in this population. Although pain may be a barrier to 
exercise in patients with diabetes, initial evidence suggests that exercise may actually 
alleviate pain (51, 52). While promising, small sample sizes and absence of a control 
group or long-term follow-up in these reports limit our ability to recommend exercise for 
the alleviation of DSPN pain.  
The Impact of Depression on DFU Healing  
Exploring the role of depression in DFU healing represents the most recent application 
of psychosocial research to this field, emerging from studies that examined the 
relationship between psychological stress and the healing of acute wounds, both in 
rodent models and human volunteers (53••). 
The first such study in DFU patients examined the role of geriatric depression in foot 
ulcer healing over a six-month follow-up (54•). Healing was associated with a smaller 
DFU area at baseline, lower glycated hemoglobin and higher ankle-brachial index. Both 
smoking status and DFU severity had a significant negative impact on healing. 
Importantly, patients who healed had significantly lower scores on the geriatric 
depression scale. A subsequent investigation (55) considered the role of depression 
and coping styles in the healing of DFUs over a 24-week period. Additionally, explored 
were salivary cortisol and matrix metalloproteinases (MMPs) as potential mechanisms 
linking depression to DFU healing. After controlling for clinical and demographic 
determinants of healing, ulcer healing at 24 weeks (primary outcome) was predicted by 
confrontation coping, but not by depression or anxiety. However, change in ulcer size 
over the observation period (secondary outcome) was associated with depression only. 
Furthermore, healed ulcers by 24 weeks were associated with lower evening cortisol, 
lower precursor MMP2 and a greater cortisol awakening response. While an interesting 
undertaking, this report has several methodological issues (56). The presented data 
provided no mechanistic evidence, but merely demonstrated that indicators of cortisol 
and MMPs are associated with ulcer healing. It is not reported whether these potential 
mediators were associated with the predictors in question (i.e. depression and 
confrontational coping), or whether controlling for the purported mechanisms attenuated 
the relationship between the predictors and outcome. Restricting their analyses to those 
with complete data on these variables would also have addressed the possibility that 
the reported differences in the associations between depression, confrontational coping 
and healing outcomes may have been due to chance variations in the relationships 
between these variables across quite different samples.  
A recently conducted small scale study (57) examined the effects of physiological stress 
on DFU healing speed defined as percentage change in wound size between the two 
consecutive visits.  While there was a moderate but significant correlation between 
depression scores and physiological stress/vagal tone, an association between 
depression and DFU healing was not observed. In contrast, lower heart rate variability (a 
proposed indicator of physiological stress response) showed a significant correlation with 
slower DFU healing. The authors therefore concluded that subjective stress assessments 
may not capture adequately the level of physiological stress, and that it is the 
physiological and not psychological stress that delays the healing of DFUs. However, the 
sudy population does not appear to be sufficiently clinically defined. For instance, the 
subjects in this report might have had cardiac autonomic neuropathy in which case the 
heart rate variablity may not have been the best measure of physiological stress 
response. As a result, definitive conclusions regarding the role of depression in DFU 
healing cannot not be drawn from these reports. 
The Role and Determinants of Adherence to Offloading in Diabetic Foot Ulcer 
Healing 
Although clinical opinion suggests the importance of adherence to off-loading in DFU 
healing, the relationship between objectively measured offloading adherence (OA) and 
DFU healing has now been confirmed (5•). Off-loading adherence was associated with 
the rate of DFU healing that occurred during the 6-week follow-up, while DSPN-
unsteadiness emerged as a powerful predictor of nonadherence. Depression was not 
significantly associated with OA in this report. These observations require one to take 
DSPN-unsteadiness into consideration when selecting an off-loading device, as off-
loading–induced postural instability may further compromise pre-existent unsteadiness 
thereby contributing to nonadherence.  
While a few publications have focused upon the effect of offloading devices upon the 
users’ stability (58-60), to date there has been a lack of studies investigating ways of 
improving offloading adherence (61).  Most studies evaluating offloading devices focus 
on the devices’ functional capacity to offload wounds.  However, they rarely seek to 
improve the patient experience.  One study that focused on design considerations that 
could improve the patient experience found that a reduction in cast walker height (and 
subsequently weight) did not substantially reduce offloading functionality (62).  
However, the reduction in walker height did yield some trends of improved gait 
parameters.  Taking such a patient centered approach to prescribing and designing 
offloading devices may result in improved patient adherence.   
Physical Activity and DFU Healing 
Management of physical activity in patients with active DFUs is poorly understood. 
There is evidence that physical exercise accelerates wound healing in rodents and 
humans (63-66) although the mechanisms are not clear. It has been postulated that 
exercise mitigates the negative effects of psychological stress on wound healing (67), 
reduces inflammation (68) and increases peripheral blood flow (69).   
Najafi et al (70•) investigated patterns of physical activity and their relationship to wound 
healing in patients with DFUs protected with either a removable cast walker (RCW) or 
irremovable instant total contact cast. Irrespective of offloading modality, there was an 
inverse association between rate of weekly wound healing and number of steps taken 
per day. However, as noted by the authors, the study did not control for offloading 
adherence in the RCW group. It remains therefore unclear whether the relationship 
between physical activity and healing varied as a function of OA. The results of a 
secondary analysis of an international UK/US study of subjects with plantar DFUs 
suggest that offloading-adherent weight-bearing physical activity has no independent 
effect on healing (71). At the bivariate level, daily step count and adherence to a 
removable offloading device were each significantly associated with smaller DFU at 
6wks. However, in multivariate analyses controlling for OA, the association of daily step 
count with DFU healing was no longer significant. Interestingly, among the potential 
demographic, disease and psychological determinants of physical activity, only 
depression was significantly independently associated with lower step count. 
Depression should therefore be targeted as part of comprehensive DFU management, 
especially in light of findings linking depression to neuropathic unsteadiness – a key 
predictor of nonadherence to offloading and, in turn, impaired foot ulcer healing. These 
observations are a perfect example of how psychological (depression) and 
biomechanical (unsteadiness-offloading) factors interrelate in shaping patient self-
management of DFU.  
Conclusions  
Our review demonstrates that DSPN is a source of physical dysfunction, psychological 
disturbance, and diminished QoL. DSPN-specific scales capture more adequately than 
generic measures the impact of DSPN on an individual’s functioning, especially in the 
emotional domain. Whereas neuropathic pain contributes to depression, unsteadiness 
is the symptom with the strongest, cumulative effect on depression. Moreover, 
unsteadiness is the key determinant of nonadherence to offloading in active DFU 
patients. Clinicians should therefore address unsteadiness when assessing patients 
with DSPN, especially as the patients’ perception of their unsteadiness appears to be 
an adequate indicator of the actual balance impairment. Although DSPN-specific 
cognitions and emotions influence preventive foot self-care, it is depression that is 
associated with an increased risk for DFU, the link that does not appear to be 
accounted for by poor foot self-care. Thus, the pathways linking depression to an 
increased DFU risk are yet to be established. While a growing body of evidence 
indicates that depression is an important risk factor for incident DFU, the findings linking 
depression to DFU healing remain inconclusive. Finally, our understanding of the 
management of physical activity in DSPN patients is still in its infancy, although a 
growing body of evidence indicates that supervised weight-bearing exercise 
interventions are beneficial and do not increase the DFU risk. More research is needed 
to guide the management of physical activity in patients with active DFUs. Taken 
together, these findings necessitate the development of multifaceted interventions that 
address both psychosocial distress and biomechanical challenges experienced by 
DSPN sufferers.  
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 Figure 1. Data from individual participants showing gait velocity (A) and step length (B) 
from gait laboratory measurements, plotted as a function of self-perceived unsteadiness 
(n=49: 15 participants with moderate-severe diabetic peripheral neuropathy; 15 
participants with diabetes but no peripheral neuropathy; 19 control participants without 
diabetes or peripheral neuropathy). A linear regression line has been fitted through the 
data points and the Pearson’s correlation coefficient values indicated. Perception of 
unsteadiness scores have been combined for walking and standing. Original 
unpublished data from Reeves et al., (•27). 
Table 1: Recent studies of exercise interventions for individuals with diabetic peripheral neuropathy.  
Authors Year Study type Patients 
Exercise 
Results 
Equipment Type Frequency Intensity Duration Period Supervised by 
Kanchana
& Pensri   2017 RCT 
21 DPN 
 
diabetes 
type not 
reported 
Mini 
trampoline 
Aerobic 
weight 
bearing 
activity 
5 times per 
week 
Aerobic- moderate 
intensity that 
increased over time 
20-25 
minutes 
8 
weeks 
Home based 
exercise 
program 
Increased 
mobility of the 
1st MTPJ and 
improved 
somatosensory 
perception  
Handsaker 
et al.  2016 RCT 
13 DM/ 
9 DPN/ 
21 Con 
 
T1 & T2 
Resistance 
machines 
Lower 
extremity 
resistance 
training 
1 time per 
week Heavy resistance 60 min 
16 
weeks Investigator  
Improved speed 
of strength 
generation during 
ascending/ 
descending stairs 
Dixit et al.  
2014 
& 
2016 
RCT 
87 DPN 
 
T2 
Treadmill aerobic 150-360 min/week 40 to 60% of HRR variable 
8 
weeks Investigator 
progression of 
DPN was 
reduced and 
QOL improved 
in the 
intervention 
group without 
increased adverse 
events 
Singleton 
et al.  2015 
Prospective 
Interventional 
35 DM/  
32 DPN 
 
T2 
Treadmill aerobic/ resistance 150 min/week 
moderate 11 to 14 
Borg Perceived 
Exertion scale 
30 to 90 
min 
18 
weeks  
PhD trained 
Physical 
Therapist 
improved 
cutaneous 
regeneration, 
increased 
intraepidermal 
nerve fiber 
density 
Kluding et 
al.  2015 
Prospective 
Interventional 
18 DPN 
 
T2 
cycle 
ergometer, 
treadmills, 
recumbent 
steppers,        
elliptical 
trainers 
aerobic  3 times per week 
50 to 70% of VO2 
reserve 
30 to 50 
min 
16 
weeks 
Licensed 
health care 
professionals 
Supervised 
aerobic exercise 
in DPN 
population is 
feasible 
Morrison 
et al.  2014 
Prospective 
Interventional 
21 DM/ 
16 DPN 
 
T2 
cycle 
ergometers
, 
treadmills,        
elliptical 
strider 
aerobic 3 times per week 
Moderate @50% 
HRR; Vigorous 
@75% HRR 
Moderate
-45min 
Vigorous
-30min 
12 
weeks 
only for peak 
testing on 
cycle 
ergometer 
gait velocity, step 
length increased 
significantly after 
intervention 
Mueller et 
al.  2013 RCT 
29 DPN 
 
T2 
Treadmill, 
resistance 
bands and 
stationary 
bicycle  
aerobic 3 times per week 
60 to 70% age 
predicted max HR variable 
12 
weeks 
Licensed 
Physical 
Therapist 
Weight bearing 
group improved 
step count and 6 
min walk 
distance 
compared to non-
weight bearing. 
13 lesions and 4 
ulcers were 
observed, 3 in 
non-weight 
bearing group.  
 
Note: Con = non-diabetic control participants; DM= non-neuropathic participants with diabetes mellitus; DPN = 
participants with diabetic peripheral neuropathy; HR= heart rate; HRR= heart rate reserve; MTPJ = 
metatarsalphalangeal joint; QOL = quality of life; RCT = randomized controlled trial; T1 = participants with type 1 
diabetes mellitus; T2 = participants with type 2 diabetes mellitus
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